Synaptotagmin 7 (Syt7) was originally identified as a slow Ca 2+ sensor for lysosome fusion, but its function at fast synapses is controversial. The paper by Luo and S€ udhof (2017) in this issue of Neuron shows that at the calyx of Held in the auditory brainstem Syt7 triggers asynchronous release during stimulus trains, resulting in reliable and temporally precise high-frequency transmission. Thus, a slow Ca 2+ sensor contributes to the fast signaling properties of the calyx synapse.
Synaptotagmins are the main Ca 2+ sensors of exocytosis in neuronal and nonneuronal cells. The mammalian genome encodes 17 synaptotagmins, eight of which bind Ca 2+ (Syt1, 2, 3, 5, 6, 7, 9,  and 10) ( Table 1 ). This raises the important question: ''Why so many?'' (S€ udhof, 2002) . Three of the synaptotagmins, Syt1, Syt2, and Syt5/9, have been shown to operate as fast release sensors (Xu et al., 2007) . However, the function of the remaining isoforms is elusive. Among these ''other'' synaptotagmins, Syt7 stands out in multiple ways. First, together with Syt1 and Syt4, Syt7 is the only isoform expressed in all metazoans. Second, the amino acid sequence of Syt7 is different from that of the other synaptotagmins. For example, Syt7 shows only 40% sequence identity with Syt1, Syt2, and Syt5/9. Third, Syt7 has the slowest disassembly kinetics of Ca 2+ -Syt-membrane complexes upon rapid mixing with Ca 2+ chelator (Hui et al., 2005) , suggesting a slow Ca 2+ unbinding rate. Finally, Syt7 is abundantly located in the plasma membrane (Li et al., 2017) , unlike Syt1 and Syt2, which are mainly present on synaptic vesicles. What is the role of Syt7 in transmitter release? Results from initial genetic elimination experiments were rather disappointing, at least for neuroscientists. When the first Syt7 knockout mouse was generated in 2003 by Norma Andrews' group, the phenotype was completely non-neuronal: the mice showed inflammation and fibrosis in skin and skeletal muscle, which was traced to a defect in lysosomal exocytosis. Furthermore, subsequent analysis of synaptic function in Syt7 knockout mice by Tom S€ udhof's group did not reveal any phenotype at GABAergic synapses in culture. Thus, the function of Syt7 in transmitter release at central synapses remained unclear.
Why did genetic elimination of Syt7 fail to reveal a synaptic phenotype, despite its abundant expression in the CNS? If Syt7 would coexist with other synaptotagmin isoforms, the synaptotagmins with fast Ca 2+ -binding kinetics may outcompete Syt7, which shows the slowest binding kinetics (Hui et al., 2005) . To test this hypothesis, Bacaj et al. (2013) examined the effects of knockdown of Syt7 following genetic deletion of the fast synaptotagmin isoforms. After elimination of the fast Ca 2+ sensor, Syt1, a slow, asynchronous release component remained. Indeed, this slow component was eliminated by knockdown of Syt7. Thus, Syt7 was able to mediate a slow form of transmitter release but only became effective after the fast Ca 2+ sensor was eliminated (Bacaj et al., 2013) .
These results showed that Syt7 can mediate slow transmitter release in specific conditions (i.e., after elimination of fast sensors). But what is Syt7's physiological function? Two possible functions recently have been demonstrated ( Figure 1 ). First, Syt7 acts as a sensor of Ca 2+ -dependent replenishment of the releasable pool of synaptic vesicles at glutamatergic synapses in primary hippocampal culture (Liu et al., 2014) . Second, Syt7 contributes to facilitation of transmitter release during repetitive stimulation at hippocampal and corticothalamic synapses in slices (Jackman et al., 2016) . However, Syt7 is widely expressed in the brain and is present at several synapses that lack facilitation. For example, Syt7 is expressed in fast-spiking, parvalbumin + GABAergic interneurons (Kerr et al., 2008) , and the output synapses of these cells show depression rather than facilitation of transmitter release during repetitive stimulation.
What is the role of Syt7 at synapses that do not show facilitation? The paper by Luo and S€ udhof (2017) in this issue of Neuron provides an answer to this question. The authors examined the effects of genetic deletion of Syt7 at the calyx of Held, a key synapse in the auditory brainstem. This synapse offers several technical advantages for a quantitative biophysical analysis of transmitter release. In particular, simultaneous pre-postsynaptic recordings and presynaptic capacitance measurements can be obtained in slices because of the large size of the presynaptic terminals. This synapse also shows unique functional properties, including efficacy and temporal precision of transmitter release. Under a wide range of stimulation frequencies, it operates as a relay or detonator synapse, converting presynaptic into postsynaptic action potentials. Luo and S€ udhof (2017) examined the effects of genetic elimination of Syt7 at the calyx of Held. They report four major findings. First, deletion of Syt7 markedly reduced a tonic (''basal'') postsynaptic current during a high-frequency stimulus train. This current seemed to be generated by asynchronous release, because it was blocked by the Ca 2+ chelator EGTA ( Figure 1 ). Second, deletion of Syt7 abolished a slow component in presynaptic capacitance signals, further suggesting that Syt7 mediates slow transmitter release from calyx terminals. Third, Syt7 deletion increased the frequency of miniature EPSCs in Syt2 knockout mice, indicating that Syt7, like other synaptotagmins, clamps spontaneous release. Finally, the authors demonstrate that asynchronous release during a stimulus train did not increase the overall synaptic output but assisted small synchronous release events in the temporally precise initiation of postsynaptic spikes. Hence, at the mechanistic level, Syt7 triggers asynchronous release during a train of stimuli, reminiscent of the function of a Syt7 ortholog in the zebrafish neuromuscular junction (Wen et al., 2010) . At the functional level, Syt7 enhances both efficacy and temporal precision of spike-tospike transmission during repetitive activity. Thus, somewhat unexpectedly, a slow Ca 2+ sensor contributes to the fast signaling properties of the calyx synapse.
Although the paper by Luo and S€ udhof (2017) sheds new light on the function of Syt7, important questions remain. The relations between the various suggested functions of Syt7 (asynchronous release, facilitation, and replenishment) need to be determined. It is possible that Syt7 has different functions at different synapses. However, the proposed functions Syt5 is referred to as Syt9 in the S€ udhof lab and vice versa (see Xu et al., 2007) .
Figure 1. Three Proposed Functions of Syt7 in Exocytosis and Endocytosis at Central Synapses
(1) Asynchronous release during high-frequency stimulation (Luo and S€ udhof, 2017) . (2) Synaptic facilitation of transmitter release (Jackman et al., 2016) . (3 may not be mutually exclusive. For example, fast Ca 2+ -dependent replenishment during high-frequency stimulation could generate both facilitation and asynchronous release by filling the vesicular pools. If Syt7 is important for spike-to-spike transmission at the calyx of Held, an auditory behavioral phenotype would be expected. Careful behavioral analysis of the Syt7 knockout mice will be needed to reveal this phenotype. Finally, we need to find out whether the present findings generalize to other fast synapses. For example, it would be interesting to examine the functional contribution of Syt7 at the output synapses of parvalbumin + GABAergic interneurons, another rapidly signaling synapse in which Syt 7 may play a role (Kerr et al., 2008) . In any case, we are making progress in our understanding of how the different synaptotagmin isoforms shape the efficacy and timing of transmitter release at central mammalian synapses.
Acetylcholine is a major modulator of learning and memory, and its availability varies across the sleep-wake cycle. In this issue of Neuron, Papouin et al. (2017) describe a D-serine-dependent pathway involving astroglia by which the transmitter tunes the hippocampus toward memory encoding during wakefulness.
Continuous behavioral adaptation to the situation at hand is of the utmost importance for survival. All animals continuously adapt their behavior to the circadian rest and activity cycles. Likewise, during wakefulness, different situational demands require changing levels of alertness and flexible ways of stimulus processing. And even within sleep, we recognize different states, which might represent different modes of information processing. We will not be able to comprehend the mechanisms of cognition without a detailed understanding of how and why the brain implements these different states. It has long been known that a number of neuromodulatory systems are able to influence many aspects of cognition, such as attention and arousal, learning and memory, and our state of consciousness. Acetylcholine (ACh) is one of these neuromodulatory transmitters. It affects executive functions in the prefrontal cortex, such as arousal and attention; it modulates the dynamics of network-level information flow; and it is involved in memory encoding and retrieval. Overall, it seems that ACh plays a central role in the organization of information processing and storage, although we are still very far from a comprehensive understanding of cholinergic function. While the nucleus basalis of Meynert is the primary source of ACh of the neocortex, the medial septum and the diagonal band of Broca are the main cholinergic projections to the hippocampus. Cholinergic input to the hippocampus increases theta rhythm oscillations, enhances afferent input synapses, and intensifies synaptic potentiation. All of these mechanisms illustrate that a main function of ACh in the hippocampus is to strengthen memory formation, as can also be observed in behavioral experiments. Therefore, identifying the exact pathway that mediates the effect of ACh on memory seems to be fundamental in order to understand the workings of memory (Hasselmo and Sarter, 2011) .
In the present issue of Neuron, Papouin and colleagues (2017) describe a pathway involving astrocytic glia by which ACh tunes the hippocampus to the state of consciousness and to the requirements of behavior. Using a wide variety of
